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(57) Abstract: A process and system for processing a thin 
film sample are provided. In particular, a beam generator can 
be controlled to emit at least one beam pulse. The beam pulse 
is then masked to produce at least one masked beam pulse, 
which is used to irradiate at least one portion of the thin film 
sample. With the at least one masked beam pulse, the por- 
tion of the film sample is irradiated with sufficient intensity 
for such portion to later crystallize. This portion of the film 
sample is allowed to crystallize so as to be composed of a first 
area and a second area. Upon the crystallization thereof, the 
first area includes a first set of grains, and the second area 
includes a second set of grains whose at least one character- 
istic is different from at least one characteristic of the second 
set of grains. The first area surrounds the second area, and is 
configured to allow an active region of a thin-film transistor 
("TFT") to be provided at a distance therefrom. 
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PROCESS AND SYSTEM FOR JLASER CRYSTALLIZATION PROCESSING 
OF FILM REGIONS ON A SUBSTRATE TO MINIMIZE EDGE AREAS, AND 
STRUCTURE OF SUCH FILM REGIONS 

SPECIFICATION 

5 RELATED APPLICATION 

This application claims priority to United States Provisional 
Application No. 60/405,085, which was filed on August 19, 20O2, and is incorporated 
by reference. 

NOTICE OF GOVERNMENT RIGHTS 

1 0 The U.S. Government may have certain rights in this invention 

pursuant to the terms of the Defense Advanced Research Project Agency award 
number N66001-98-1-8913. 

FIELD OF THE INVENTION 

The present invention relates to techniques for processing of thin films, 
1 5 and more particularly to techniques for processing semiconductor thin films to reduce 
non-uniform edge areas of the crystallized regions of the thin film so that at least an 
active region of an electronic devices, such as a thin-film transistor ("TFT"), can be 
placed away from such non-uniform edge areas. 

BACKGROUND OF THE INVENTION 

20 Semiconductor films, such as silicon films, are known to be used for 

providing pixels for liquid crystal display devices and organic light emitting diode 
displays. Such films have previously been processed (i.e., irradiated by an excimer 
laser and then crystallized) via excixner laser annealing ("ELA") methods. However, 
the semiconductor films processed "using such known ELA mettiods often suffer from 

25 microstructural non-uniformities sixch as edge effects, which manifest themselves in 
availing a non-uniform performance of thin-film transistor ("TFT") devices fabricated 
on such films. 
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Such non-uniformity in edge regions is particularly problematic in that 
the visual transitions between the neighboring pixels corresponding to th_e irradiated 
and crystallized areas of the semiconductor thin film on the liquid crystaJ displays 
("LCDs") or organic light emitting diode displays are not as smooth as could be 
5 desired, and may even be visible in certain cases, which is undesired. This is also 
because the edge effects promote a low performance in TFT devices whose active 
regions are provided thereon. 

Significant efforts have been made into the refinement or 
"conventional" ELA (also known as line-beam ELA) processes in the attempt to 

1 0 reduce or eliminate non-uniformities on the crystallized areas of the semiconductor 

thin film. For example, U.S. Patent No. 5,766,989 issued to Maegawa e* al., the entire 
disclosure of which is incorporated herein in its entirety by reference, describes the 
ELA methods for forming polycrystalline thin film and a method for fabricating a 
thin-film transistor. This publication attempts to address the problem or non- 

1 5 uniformity of characteristics across the substrate, and provide certain options for 
apparently suppressing such non-uniformities. However, details of previous 
approaches make it impossible to completely eliminate the non-uniformities that are 
introduced from the edge areas (which are typically between lOO^im to L ,000|im or 
higher). Thus, the cross sectional area of the portions of the semiconductor thin film 

20 on which the TFT devices could be placed woixld be significantly reduced due to such 
disadvantageous edge effects causing large non-uniform edge areas which border 
these portions. 

For example, one such conventional ELA process uses a long and 
narrow shaped beam 800 as shown in Figs. 1 1 A and 1 IB. The fluence of this beam 

25 800 is above a melting level in a center portion 810 thereof, while side anreas 820 of 
this beam 800 have a fluence that is gradually reduced at the edges thereof. The width 
of the center portion 8 10 of the beam 800 may "be 1cm and the length thereof may be 
30cm. In this manner, the beam can potentially irradiate the entire semiconductor thin 
film during one pass across it. As shown in Fig. 1 IB, portions 830 of the side areas 

30 820 of the beam 800 can be provided between the melting level and the crystallization 
threshold. Thus, when the beam 800 irradiates particular portions of the 
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semiconductor thin film which is then crystallized, such portions would likely have an 
edge regions in thus irradiated and crystallized areas of the semiconductor thin film 
that are likely to have large non-uniform edge regions spatially correspomding to the 
portions 830 of the beam 800. The edge regions are known to be disadvantageous for 
5 placing the TFT devices (and especially their active regions) thereon. 

Attempts have been made to eliminate the edge effect (i.e., non- 
uniformity of the edge areas) of the irradiated and crystallized portions of the 
semiconductor film. U.S. Patent No. 5,591,668 issued to Maegawa et al. tries to 
minimize these edge areas by using a substantially square shaped beams (rotated 45° 
1 0 and having rounded peaks) that sequentially overlap one another using au laser 

annealing method. However, such conventional procedure would require multiple 
irradiation by the beam pulses of the same areas, and the processing of tfcie 
semiconductor film "would be somewhat slow. 

Accordingly, it is preferable to irradiate and crystallize at least some of 
1 5 the areas of the semiconductor films by passLng the beam pulses through*, a mask in a 
way so as to eliminate the problem caused by such edge effect by clearly- defining the 
profile of the beam pulse. It is preferable to significantly reduce the spatial scale 
associated with the edge region so as to make it possible to have such regions be 
provided away from the active regions of the TFT devices. In addition, nnultiple 
20 irradiations of the same area on the semiconductor film would therefore mo longer be 
necessary. 

SUMMARY OF THE INVENTION 

Therefore, one of the objects of the present invention is to provide an 
improved process and system which can make the edge regions of the crystallized 

25 areas of the semiconductor thin film relativeLy small (e.g., one such region can be 
smaller than the distance between the adjacent TFT devices). Thus, it is possible to 
place the active regions of the TFT devices om the semiconductor thin fiLm away from 
these edge regions. Another object of the present invention is to increase the speed to 
process the semiconductor films for their use with the liquid crystal displays and/or 

30 organic light emitting diode displays. Still an_other object of the present i s to have a 
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capability for utilizing various fluences of the beam pulse for irradi ating the areas of 
the semiconductor thin film, so long as such fluence induces a crystallization of the 
irradiated areas of the semiconductor thiri film. 

In accordance with at least some of these objectives as well as others 
5 that will become apparent with reference to the following specification, it has now 
been determined that the reduction the size of the edge regions of thie irradiated and 
crystallized areas of the semiconductor thin film is advantageous to reduce the edge 
effect. It was also ascertained that the grains provided in the edge r-egions of such 
areas are different from the grains of the areas that are arrangement-, e.g., between two 
10 oppositely-spaced edge regions of the semiconductor thin film. Further, it was 
determined that the use of the two-dimensional mask to pass the besm pulse there 
through configured the profile of the resultant masked beam pulse to be well defined, 
thus decreasing or eliminating the portion of the beam pulse which jmay have a 
gradually-reducing fluence level that may cause the undesired edge effect. 

15 In one exemplary embodiment of the present invention, a process and 

system for processing a semiconductor thin film sample are provided. In particular, a 
beam generator can be controlled to emit at least one beam pulse. TIhe beam pulse is 
then masked to produce at least one masked beam pulse, which is used to irradiate at 
least one portion of the semiconductor thin film sample. With the at least one masked 

20 beam pulse, the portion of the film sample is irradiated with sufficient intensity for 
such portion to later crystallize. This portion of the film sample is allowed to 
crystallize so as to be composed of a first area and a second area. Upon the 
crystallization thereof, the first area inclixdes a first set of grains, and the second area 
includes a second set of grains whose at least one characteristic is different from at 

25 least one characteristic of the second set of grains. The first area surrounds the second 
area, and is configured to allow an active region of a thin-film transistor ("TFT") to be 
provided at a distance therefrom. 

In another embodiment of the present invention, the xnasked beam 
pulse can have the intensity sufficient to completely melt the irradia_ted portion of the 
30 semiconductor tfciin film sample throughout its thickness (or partially melt such 
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portion). The active region of the TFT can be situated within the second area. The 
second area may correspond to at least one pixel. The second area has a cross-section 
for facilitating thereon all portions of the TFT. A size and a position of the first area 
with respect to the second area are provided such that the first ajrea provides either no 
5 effect or a negligible effect on a performance of the TFT. 

According to still another embodiment of the present invention, a 
location of the first area can be determined so as to avoid a placement of the active 
region of tire TFT thereon. The beam pulse may include a plurality of beamlets, and 
the first and second areas can be irradiated by the beamlets. The semiconductor thin 
10 film sample may be a silicon the film sample. The semiconductor thin can be 
composed of at least one of silicon and germanium, and may ha,ve a thickness 
approximately between 100A and 10 ? 000A. The first set of graims provided in the first 
area may be laterally-grown grains. 

According yet another embodiment of the present invention, a 
1 5 semiconductor thin film sample includes at least one section irradiated by at least one 
masked beam pulse which is configured to irradiate the at least one section of the 
sample for a later crystallization thereof. The irradiated portion of the film sample is 
crystallized to include a first area and a second area. Upon the crystallization thereof, 
the first area includes a first set of grains, and the second area includes a second set of 
20 grains whose at least one characteristic is different from at least one characteristic of 
the second set of grains. The first area surrounds the second area, and is configured to 
allow an active region of a thin-film transistor ("TFT") to be provided at a distance 
therefrom. 

25 The accompanying drawings, which are incorpoirated and constitute 

part of this disclosure, illustrate a preferred embodiment of the invention and serve to 
explain the principles of the invention. 
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Fig. 1 A is a schematic block diagram of an exemplary embodiment of 
an irradiation system according to the present invention wbrich irradiates particular 
areas of a semiconductor thin film of a sample such that these areas have a relatively 
small edge regions; 

5 Fig. IB is an enlarged cross-sectional side view of the sample whichi 

includes the semiconductor thin film; 

Fig. 2 is a top exploded view of an exemplary embodiment of the 
sample conceptually subdivided, and having a semiconductor thin film thereon on 
which a process according to the present invention is performed for the entire surfaxe 
10 area a semiconductor thin film using the exemplary system of Fig. 1A; 

Fig. 3 is a top view of a first exemplary embodiment of a mask 
according to the present invention which has a beam-blocking area surrounding one 
open or transparent area, and which can be used with the exemplary system of Fig. 1 A 
to mask: the beam pulses generated by a laser beam source into a patterned beam 
15 pulse, such that such masked beam pulses irradiate the particular areas on the 

semiconductor film thereby reducing the edge regions provided at the peripheries of 
such areas; 

Figs. 4A-4D are irradiations, by the radiation beam pulse which is 
masked by the mask of Fig. 3, and then re-solidifications and crystallizations of the 
20 particular portions of the semiconductor film provided on the sample for an first 
exemplary conceptual column of the sample at various sequential stages of the 
exemplary embodiment according to the process of the present invention in which *he 
edge regions of the particular portions are significantly reduced; 

Figs. 4E-4F are irradiations, by the radiation beam pulse which is 
25 masked by the mask of Fig. 3, and then re-solidifications and crystallizations of the 
particular portions of the semiconductor film provided on the sample for an second- 
exemplary conceptual column of the sample at two exemplary sequential stages of the 
processing according to the process of the present invention, which continue from the 
first conceptual column of Figs. 4A-4D; 
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Fig, 5 A is a top view of a second exemplary embodiment of the mask 
according to the present invention which has a beam-blocking area surrounding 
multiple small open or transparent areas or slits, and which can be used with the 
exemplary system of Fig. 1A to mask the beam pulses generated by a beam souroe 
5 into patterned beamlets, such that such masked beamlet pulses irradiate the particular 
areas on the semiconductor film whose edge regions are significantly reduced; 

Fig. 5B is an enlarged view of the beamlets of the second embodiment 
of the mask illustrated in Fig. 5 A; 

Figs. 6A-6D are irradiations, by the radiation beam pulse intensity 
1 0 pattern which is masked by the mask of Fig. 5, and then re-solidifications and 

crystallizations of the particular portions of the semiconductor film provided on the 
sample for the first conceptual column of the sample at various sequential stages of 
the first exemplary embodiment of the exemplary embodiment according to the 
process of the present invention; 

15 Fig. 7 is an illustration of the semiconductor thin film provided on the 

sample, and such thin film being irradiated by the beam pulse having a cross-section 
that is patterned by a mask having a beam-blocking area surrounding one long and 
narro-w open or transparent area, and which can be used with the exemplary system of 
Fig. LA; 

20 Fig. 8A is an illustration of the two particular areas irradiated, re- 

solidified and crystallized areas corresponding to the areas of Figs. 4D and 6D in. 
whicfci the edge regions of each of these areas are provided away from the entire "TFT 
device; 

Fig. 8B is an illustration of the two particular areas irradiated, re- 
25 solidified and crystallized areas corresponding to the areas of Figs. 4D and 6D in. 
which the edge regions of these two areas are provided away from the entire cross- 
section of the active region of the TFT device, while other regions are provided on 
such edge regions; 

Fig. 9 is a flow diagram representing an exemplary processing 
3 0 procedure of the present invention under at least partial control of a computing 
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arrangement of Fig. 1A using the exemplary techoiiques of the present invention of 
Figs. 4A-4F and 6A-6D; 

Fig. 10 is a flow diagram representing another exemplary processing 
procedure of the present invention under at least partial control of a computing 
5 aorrangement of Fig. 1A using the exemplary techniques of the present invention of 
Figs. 4A-4F and 6A-6D, and in which the beam source of Fig. 1 A is triggered based 
on the positions of the semiconductor film with respect to the impingement of the 
beam; 

Fig. 1 1 A is a perspective cut-away view of a profile of a long and 
10 narrow beam which is shaped by a projection irradiation using conventional systems 
and processes; 

Fig. 1 IB is a graph of the fluence of the beam of Fig. 1 1 A against the 
spatial profile of the beam generated by the conventional systems and processes; and 

Fig. 12 is a exemplary graph of the fluence of the beam against the 
15 spatial profile of the beam generated by the systean and process according to the 
present invention which reduces the edge regions of the particular portions of the 
semiconductor thin film irradiated by such beam. 

DETAILED DESCRIPXION 

It should be understood that various systems according to the present 
20 invention can be utilized to mask, irradiate and crystallize one or more portions on the 
semiconductor (e.g., silicon) film so as to reduce edge areas of these portions and to 
place at least an active region of a thin-film transistor ("TFT") away from tfcie edge 
regions of such portions. The exemplary embodiments of the systems and process to 
achieve such areas as well as of the resulting crystallized semiconductor thim films 
25 shall be described in furttier detail below. However, it should be understood that the 
present invention is in no way limited to the exemplary embodiments of the; systems 
processes and semiconductor thin films described herein. 

In particular, Fig. 1 A shows a system according to the present 
invention which is used on a sample 170 which bias an amorphous silicon thiin film 
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thereof that is being irradiated by masked irradiation beam pulses to promote the 
masked irradiation, solidification and crystaLlization of the particular areas of the 
semiconductor thin film in which the edge regions are minimized. The exemplary 
system includes abeam source 110 (e.g., a Lambda Physik model LPX1-315I XeCl 
pulsed excimer laser) emitting an irradiation beam (e.g., a laser beam), a, controllable 
beam energy density modulator 120 for modifying the energy density oif the laser 
beam, aMicroLas two plate variable attenuator 130, beam steering mirrors 140, 143, 
147, 160 and 162, beam expanding and collirnating lenses 141 and 142, a beam 
homogenizer 144, a condenser lens 145, a field lens 148, a projection irLask 150 which 
may be mounted in a translating stage (not shown), a 4x-6x e ye piece L 61, a 
controllable shutter 152, a multi-element objective lens 163 for focusing a radiation 
beam pulse 164 onto the sample 170 having the semiconductor thin film to be 
processed mounted on a sample translation stage 180, a granite block optical bench 
190 supported on a vibration isolation and self-leveling system 191, 192, 193 and 194, 
and a computing arrangement 100 (e.g., a general purpose computer executing a 
program according to the present invention ox a special-purpose computer) coupled to 
control the beam source 1 1 0, the beam energy density modulator 120, ttate variable 
attenuator 130, the shutter 152 and the sample translation stage 180. 

The sample translation stage L 80 is preferably controlled by the 
computing arrangement 100 to effectuate translations of the sample 170 in the planar 
X-Y directions, as well as in the Z direction. In this manner, the computing 
arrangement 100 controls the relative position of the sample 40 with respect to the 
irradiation beam pulse 164. The repetition and the energy density of the> irradiation 
beam pulse 164 are also controlled by the computer 100. It should be understood by 
those skilled in the art that instead of the beaon source 110 (e.g., the pulsed excimer 
laser), the irradiation beam pulse can be generated by another known source of short 
energy pulses suitable for completely melting throughout their entire thickness 
selected areas of the semiconductor (e.g., silicon) thin film of the samples 170 in the 
manner described herein below. Such known, source can be a pulsed solid state laser, 
a chopped continuous "wave laser, a pulsed electron beam and a pulsed ion beam, etc. 
Typically, the radiation beam pulses generated by the beam source 1 10 provide a 
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beam intensity in the range of 10 mJ/cm 2 to 1 J/cm 2 (e.g., 500mJ/crn 2 ) a pulse duration 
(PWHM) in the range of 10 to 103 nsec, and a pulse repetition rate in the range of 10 
Hz to 104 Hz. 

While the computing arrangement 100, in the exemplary embodiment 
5 of the system shown in Fig. 1 A, controls translations of the sample 170 via the sample 
stage 180 for carrying out the processing of the semiconductor thin film of the sample 
170 according to the present invention, the computing arrangement 100 may also be 
adapted to control the translations of the mask 150 and/or the beam, source 110 
mounted in an appropriate mask/laser beam translation stage (not sliown for the 

1 0 simplicity of the depiction) to shift the intensity pattern of the irradiation beam pulses 
164, with respect to the semiconductor than film of the sample 170, along a controlled 
beam path. Another possible way to shift the intensity pattern of the irradiation beam 
pulse is to have the computer 100 control a beam steering mirror. The exemplary 
system of Fig. 1 may be used to carry out the processing of the silicon thin film of the 

1 5 sample 170 in tfcte maimer described bekrw in further detail. It shomld also be 

understood that it is possible to exclude the mask 1 50 from the system according to 
the present invention. Without such mask 150, the beam source 1 1 0, the energy 
density modulator, the beam attenuator and/or other components of the system of the 
present invention can be used to shape the beam 149 so as to impiixge and irradiate 

20 selected portions of the semiconductor thin film of the sample 170. 

As illustrated in Fig. IB, the semiconductor thin film 175 of the sample 
170 can be directly situated on e.g., a glass substrate 172, and may be provided on one 
or more intermediate layers 177 there between. The semiconductox thin film 175 can 
have a thickness between 100A and 10,0O0A (lpm) so long as at least certain 

25 necessary areas thereof can be completely melted throughout their entire thickness. 
According to an exemplary embodiment of the present invention, the semiconductor 
thin film 175 can be composed of silicon^ germanium, silicon germanium (SeGe) all 
of which preferably having low levels of impurities. It is also possible to utilize other 
elements or semiconductor materials for the semiconductor thin fibm 175. The 

30 intermediary layer 177, which is situated immediately underneath the semiconductor 
thin film 175, can be composed of silicon oxide (Si0 2 ), silicon nitride (Si 3 N4), and/or 
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mixtures of oxide, nitride or other materials that are suitable for promoting nucleation 
and small grain growth within the designated areas of the semiconductor thin film 175 
of the sample 170. The temperature of the glass substrate 172 can be between room 
temperature and 800°C. Higher temperatures of the glass substrate 172 can be 
5 accomplished by preheating the substrate 1 72 which would effectively allow larger 
grains to be grown in the nucleated, re-solidified, and then crystallized areas of the 
semiconductor thin film 175 of the saxnple 170 due to the proximity of the glass 
substrate 172 to the thin film 175. 

Fig. 2 shows an enlarged view of an exemplary exnbodiment of the 

10 semiconductor thin film 175 (e.g., an amorphous silicon thin film) of the sample 170, 
and the relative translation paths of the beam pulse 164 with respect to the locations 
on the sample 170. This exemplary sample 170 has exemplary dimensions of 40 cm 
in the Y direction by 30 cm in the X direction. The sample 170 can be conceptually 
subdivided into a number of columns (e.g., a first conceptual column 205, a second 

1 5 conceptual column 206, a third conceptual column 207, etc.). Ttie location/size of 
each conceptual column may be stored in a storage device of the computing 
arrangement 100, and utilized by the computing 100 for later controlling the 
translation of the sample 170, and/or faring of the beam in by the beam source 1 10 at 
such relative locations of the semiconductor thin film 175, or on other locations that 

20 are based on the stored locations. Eacli of the conceptual columns 205, 206, 207, etc. 
is dimensioned, e.g., V 2 cm in the Y direction by 30 cm in the X direction. Thus, if the 
sample 170 is sized 40 cm in the Y direction, the sample 150 may be conceptually 
subdivided into eighty (80) columns. The sample 170 may also be conceptually 
subdivided into such columns having other dimensions (e.g., 1 cm by 30 cm columns, 

25 2 cm by 30 cm columns, 2 cm by 30 cm columns, etc.). In fact, there is absolutely no 
restrictions on the dimensions of the conceptual columns of the sample 170 so long as 
the masked beam pulse 164 is capable of irradiating certain areas of the 
semiconductor thin film 175 in such columns to promote crystallization within such 
areas. 

30 hi particular, according to the present invention, it is important to 

provide relatively small edges region at the peripheries of these areas of the film 
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sample 175 so as to allow at least the active region of the TFT device to be placed 
away from these very small edge regions. The small size of the edge regions is 
primarily due to the use of the mask 1 5 O to generate a sharp pro file of the beam 111 
as the masked beam pulse 164 The location/dimension of each conceptual column, 
5 and the locations thereof, are stored in the storage device of the computing 

arrangement 100, and utilized by such computing arrangement 100 for controlling the 
translation of the translation stage 180 xvith respect to the beam pulse 164 and/or the 
firing of the beam 1 1 1 by the beam souxce 1 10 at those locations of the semiconductor 
thin film sample, or on other locations. 

10 For example, the semiconductor thin film 175 cani be irradiated by the 

beam pulse 1 64 whose profile is defined using the mask 150 according to a first 
exemplary embodiment of the present bnvention as shown in Fig. 3. The first 
exemplary mask 150 is sized such that its cross-sectional area is larger than that of the 
cross-sectional area of the masked beam pulse 1 64. In this maimer, the mask 1 50 can 

1 5 pattern the pulsed beam to have a shape and profile directed by the open or 

transparent regions of the mask 150. This can be commonly referred to as a "two- 
dimensional projection", which generally the shape of the beam 3 and reduces such 
shape in all directions. Such projection is significantly different from a single axis 
projection which does not utilize amasl:, and merely shapes anci reduces the beam in 

20 one direction. Fig. 12 show a preferable profile 850 of the masked beam pulse 1 64 as 
the pulse 149 is passed through the mask 1 50. This profile 850 is well defined so as to 
minimize the edge regions provided at the peripheries of the irradiated portions of the 
semiconductor thin film 175. 

In this exemplary embodiment shown in Fig. 3, Ghe mask 150 includes 
25 a beam-blocking section 1 55 and an open or transparent section 157. The beam- 
blocking section 1 55 prevents those areas of the pulsed beam impinging such section 
155 from being irradiated there-through., thus preventing the further entering the 
optics of the exemplary system of the present invention shown Ln Fig. 1A to irradiate 
the corresponding areas of the semiconductor thin film 175 provided on the sample 
30 170. In contrast, the open or transparent section 157 allows the portion of the beam 
pulse 164 whose cross-section corresponds to that of the section. 157 to enter the 
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optics of the system according to the present invention, and irradiate the 
corresponding areas of the semiconductor thin film 175. In this manner, the mask 150 
is capable of patterning the beam pulse 164 so as to impinge the semiconductor thin 
film 175 of the sample 170 at predetermined portions thereof as shall be described in 
further detail below\ 

According to the present invention, the masked beam pulse 164 can 
have various energy fluences. For example, such fluence of the masked beam pulse 
164 can small, but which promotes an explosive crystallization. The fLuence of the 
beam pulse 164 can. be higher than the small fluence to promote partial melting of the 
irradiated portions of the semiconductor thin film 175, and then crystallization of such 
portions. In addition, the fluence can be higher than the fluence promoting partial 
melting so as to allow a near-complete melting of the portions of the semiconductor 
thin film 175. Furthermore, the fluence of the masked beam pulse 164 can be high 
enough to completely melt the above-described irradiated portions of the thin film 
175. In summary, thie fluence should be large emough to allow the portions of the 
semiconductor thin film 175 to crystallize after being irradiated by the masked beam 
pulse 164. 

A first exemplary embodiment of the process according to the present 
invention shall now be described with reference to the irradiation of the 
semiconductor thin film 175 of the sample 170 as illustrated in Figs. 4A-4F. In this 
exemplary process of the present invention, the* beam pulse 149 is shaped by the 
exemplary mask ISO of Fig. 3, and the exemplary irradiation and/or impingement of 
the semiconductor thin film 175 of the sample 170 is shown in Fig. 2. For example, 
the sample 170 may^ be translated with respect to the beam pulse 164, either by 
moving the mask 150 or the sample translation stage 180, in order to irradiate 
selective areas of the semiconductor thin film 1 75 of the sample 170. For the 
purposes of the foregoing, the length and width of the laser beam 149 may be greater 
than 1 cm in the X-direction by Y 2 cm in the Y-direction (e.g., a rectangular shape) so 
that it can be shaped by the mask 1 50 of Fig. 3 . However, it should be understood the 
pulsed laser beam 149 is not limited to such shape and size. Indeed, oCher shapes 
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and/or sizes of the laser beam 149 are, of course, achievable as is Jknown to those 
having ordinary skill in the art (e.g., shapes of a square, triangle, circle, etc.). 

After the sample 170 is conceptually subdivided into columns 205, 
206, 207, etc., a pulsed laser beam 1 1 1 is activated (by actuating the beam source 110 
5 using the computing device 1 00 or by opening the shutter 1 30), and produces the 
pulsed laser beamlets 164 which impinges on a first location 220 which is away from 
the semiconductor thin film 175. Then, the sample 170 is translated and accelerated 
in the forward X direction under the control of the computing arrangement 100 to 
reach a predetermined velocity with respect to the fixed position t> eamlets in a first 
10 beam path 225. 

In one exemplary variation of the process of the present invention, the 
pulsed beamlets 164 can reach a first edge 210' of the sample 170 preferably when the 
velocity of the movement of the sample 170 with respect to the palsed laser beam 149 
reaches the predetermined velocity. Then, the sample 170 is continuously (i.e., 
15 without stopping) translated in the -X direction at the predetermined velocity so that 
the pulsed beamlets 164 continue irradiating successive portions of the sample 170 for 
an entire length of a second beam path 230. 

After passing the first edge 210', the beam pulse 16 A impinges and 
irradiates a first area 310 of the semiconductor thin film 175, preferably with enough 

20 intensity to irradiate such area so that the crystallization thereof is then promoted, as 
illustrated in Fig. 4 A. The fluence of the masked beam pulse 164 should preferably be 
large enough to promote crystallization of the irradiated portions of the semiconductor 
thin film 175. Then, as shown in Fig. 4B, this first area 310 is allowed to crystallize, 
thereby forming two regions therein - a first center region 315 and a first minimized 

25 edge region 318. The first center region 3 1 5 is formed after the irradiation of the first 
area 3 1 0 by the masked beam pulse 164. The dimensions of this c ^nter region 3 1 5 are 
slightly smaller that the dimensions of the masked beam pulse 164 irradiating the first 
area 310, with the first center region 315 being surrounded by the first edge region 
318 (the details of which are described herein below). Again, the size of the first edge 

30 region 3 1 8 is minimized due to the masking of the beam pulse 149 to become the 



WO 2004/017381 



PCT/US2003/025954 



; 15 

masked beam pulse 164 which preferably has the profile 850 illustrated in Fig. 12. It 
should be note that the characteristics of the grains (e.g., length, orientation, etc.) of 
the first center area 315 and the characteristics of the first edge area 318 are different; 
such differences is one of the main reasons for the reduction of the edge regions. 

5 The first edge region 318 can formed by laterally growing the grains 

from the borders between the unirradiated portions of the serniconductor thin film 175 
and the first irradiated area 310. This is the case when the masked beam pulse 164 has 
the fluence to completely melt the first area 3 10. The grains in the first center region 
318 grown, from these borders toward the center of the first melted area for a 

1 0 predetermined small distance, to reach the first center regionL 315, and form a border 
there between. Of course, it should be understood that if the onasked beam pulse 164 
does not have enough intensity to completely melt the first aorea, grains are formed in 
the first edge region in any event. Generally, the grains of th«2 first center region 315 
are larger than those in the first edge region 318. This is preferably because the 

1 5 intensity of the masked beam pulse 164 is greater in the center thereof than at the 

edges. The predetermined distance is small because the beaan pulse 149 is irradiated 
through the mask 149 to form the masked beam pulse 164 wliich does not have large 
gradually decreasing edge portions C e -g> portions 820 of the conventional beam pulse 
800 as shown in Figs. 1 1 A and 1 IB), and in fact preferable i*as the intensity pattern 

20 850 illustrated in Fig. 12. For example, the predetermined distance can be 1 jam, while 
the width of the first center region may be slightly less than 1 cm.. Therefore, the first 
edge region 3 1 8 is significantly smaller that the first center region 315 which it 
surrounds. For the purposes of the present invention, it is undesirable to position the 
active regions of the TFT devices on such edge regions, so thiat the active regions (and 

25 possibly the entire TFT devices) are placed away from these edge regions. 

Thereafter, as shown in Fig. 4C, the sample 1^70 is continued to be 
translated (or the mask 150 is configured to be adjusted) sucti that the beam pulse 164 
irradiates a second area 320 of the semiconductor thin film 1 "75 in the manner 
discussed herein above for the first area 310. This second area 320 which can be a 
30 subsequent area immediately following the first area 320 in Che first conceptual 
column 205 along the +X direction. 
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Similarly to the first area 310, the second area 320 crystallizes into a 
second center region 325 and a second edge region 328, wlrich correspond to the 
characteristics and dimensions of the first center region 31 5 and the first edge region 
318, respectively. If, during the irradiation of the second area 320 (and in an 
5 exemplary case of complete melting thereof), the masked beam pulse 1 64 slightly 
overlaps the first edge region 318, then upon crystallizations, the grains in this region 
318 seed and laterally grow a portion of the completed melted second area 320 wfciich 
is immediately adjacent to the first edge region 318. In this manner, the adjacent 
section of the second edge region 328 is seeded by the first: laterally-grown region 318 

10 to laterally grow grains therefrom. Nevertheless, the second edge region 328 is still 
very small (e.g., 1pm) as compared to the second center area 325. The resultant 
crystallized second area 320 is illustrated in Fig. 4D. It is ^lso within the scope or the 
present invention for the second area 320 to be provided at a distance from the 
crystallized first area 310. In this manner and in case of tlxe complete melting of tlie 

15 second area 320, the sections of ttte second edge region 32 8 which is situated closest 
to the crystallized first laterally-grown region 318 can be s ^eded by the grains frorzn an 
un-irradiated section between the first area 310 and the second area. 

The first edge area 318 and/or the second edge area 328 are preferably 
sized such, that the cross-sectional area thereof is smaller tkiat the distance between, the 
20 TFT device (especially the active regions thereof) which is situated in the first center 
region 315 and the TFT device situated in the second center region 325. 

The translation and irradiation of the first conceptual column 205 o:f 
the semiconductor thin film 175 continues until all areas 310, 320, 380, 390 (atad 
their respective center regions 315, 325, 385, 395 and e<ige regions 318, 328, .L, 

25 388, 398) in this first conceptual column 205 is continued until the pulsed beamlets 
164 reach a second edge 210" of the sample 170, as illustrated in Fig. 4E. The 
crystallization of the areas 3 10, 320, 380, 390 along the first conceptual column 
205 is performed in a substantially repetitive manner. Wh^n the beam pulse 164 
passes the second edge 210", the translation of the sample 170 maybe slowed withi 

30 respect to the masked beam pulse 164 (in a third beam path* 235) to reach a second 
location 240 (see Fig. 2). It should be noted that it is not necessary to shut down thie 
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pulsed beam 1 1 1 after the nxasked beam pulse 1 64 has crossed the second edge 210" 
of the sample 170 because it is no longer irradiating tlxe sample 170. 

While being away from the sample 17D and the second edge 210", the 
sample is translated in a -Y direction to a third location 247 via a fourth beamL path 
5 245 so as to be able to irradiate the sections of the semiconductor thin film 175 along 
the second conceptual column 206. Then, the sample 170 is allowed to settle at that 
location 247 to allow any vTbrations of the sample 170 that may have occurred when 
the sample 170 was translated to the third location 247 to cease. Indeed, for Che 
sample 170 to reach the second conceptual column 20 it is translated approximately 
1 0 X A cm for the columns having a width (in the - Y direction) of Vi cm. The sample 1 70 
is then accelerated to the predetermined velocity via a fourth beam path 250 in the -X 
direction so that the impingement of the semiconductor thin film 175 by the b earn 
pulse 164 reaches, and then "bypasses the second edge 210". 

Thereafter, tkie sample 170 is translated along a fifth beam patti 255, 

1 5 and the exemplary process described above with respect to the irradiation of Che first 
column 205 may then be repeated for the second conceptual column 206 to irradiate 
further areas 410, 420, and their respective center regions 415, 425 and edge r-egions 
418, 428 while translating Hie sample in the +X direction. In this manner, all 
conceptual columns of the sample 170 can be properly irradiated. Again, when the 

20 beam pulse 164 reaches the first edge 210', the translation of the sample 170 i s 

decelerated along a sixth beam path 260 to reach a fotixth location 265. At that point, 
the sample 170 is translated in the — Y direction along "the seven beam path 27 O for the 
beam pulse to be outside tho periphery of the sample L 70 to reach fifth location 272, 
and the translation of the sample 170 is allowed to be stopped so as to remove any 

25 vibrations from the sample 170. Thereafter, the sample 170 is accelerated along the 
eighth beam path 275 in the -X direction so that the beam pulse 164 reaches and 
passes the first edge 210' of the sample 170, and the beam pulse 164 irradiates (e.g., to 
partially or completely melt) certain areas in the third conceptual column 207 so that 
they can crystallize in substantially the same manner as described above for ttie areas 

30 310, 320, 380, 390 of the first conceptual column 205 and the areas 410, 420, ... of 
the second conceptual column 206. 
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This procedure may be repeated fox all conceptual columns of the 
semiconductor thin film 175, for selective columrLS of particular sections of the thin 
film 175 which are not necessarily conceptually subdivided into columns. In addition, 
it is possible for the computing arrangement 100 to control the firing of the beam 111 
5 by the beam source 1 1 0 based on the predefined location stored in the storage device 
of the computing arrangement 100 (e.g., instead of irradiating the semiconductor thin 
film 175 by setting predetermined time period between the beam pulses or setting 
pulse durations). For example, the computing arrangement 100 can control the beams 
source 1 10 to generate the beam 111 and irradiate only at the predetermined locations 

10 of certain areas of the thin film 175 with its corresponding beam pulse 164-, such that 
these locations are stored and used by the computing arrangement 100 to initiate the 
firing of the beam 111 which results in the irradiation by the beam pulse oxdy when 
the sample 170 is translated to situate those areas directly in the path of the beam 
pulse 164. The beam source 1 10 can be fired via the computing arrangement 100 

15 based on the coordinates of the location in the X direction. 

In addition, it is possible to translate the sample 170 in a msnner which 
is not necessary continuous, when the path of the irradiation of the beam pulse 164 
points to the areas on the semiconductor thin film 1 75 to be melted and crystallized. 
Thus, it is possible for the translation of the sample 170 to be stopped in tlxe middle of 

20 the sample 170, with the area in the middle being irradiated and then crystallized. 
Thereafter, the sample 170 can be translated so that another section of the 
semiconductor thin film 175 is arranged in the path of the beam pulse 164, such that 
the translation of the sample is then stopped again and the particular sectiozn is 
irradiated and completely melted in accordance with the exemplary embodiment of 

25 the process described in great detail above, as well as the embodiments of "the process 
which shall be described below. 

According to the present invention, any mask described and shown 
herein and those described and illustrated in U.S. patent application serial no. 
09/390,535, the entire disclosure of which is incorporated herein by reference, may be 
30 used for the process and system according to the pTesent invention. For ex: ample, 
instead of using the mask shown in Fig. 3 which allows the semiconductor thin film 
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1 75 to be flood-irradiated, a second exemplary embodiment of the xnask 1 50' 
illustrated in Fig. 5 A can be utilized. In contrast to the mask 150 ozf Fig. 3 which has 
a single open or transparent region 157, the mask 150 f has multiple open or 
transparent regions 450 which are separated from one another by beam-blocking 
5 regions 455. The open or transparent regions 450 of the mask 150 1 can also be 
referred to as "slits." These slits permit small beam pulses (or beamlets) to irradiate 
there-through and completely melt the areas of the semiconductor thin film 175 that 
they impinge. An enlarged illustration of one of the slits 450 is provided in Fig. 5B, 
which shows that the dimensions of the slits 450 can be 0.5 \xm by 0.5 |u,m. It should 

10 be clearly understood that other dimensions of the slits are possibles, and are within the 
scope of the present invention. For example, the slits can have a rectangular shape, a 
circular shape, a triangular shape, a chevron shape, a diamond-shaped shape, etc. 
According to the present invention, the slits should be sufficiently large so that when 
the pulsed beamlets 164 formed thereby irradiate and crystallize the particular areas of 

15 the semiconductor thin film 175, the center portions (i.e., not the edge regions) are 
formed so as to situate the TFT devices (ox at least their active regions) therein. It is 
important that the active regions of such situated TFT devices have respective 
distances from one another which are greater that the edge regions of the beamlet- 
irradiated and crystallized areas. 

20 Figs. 6A-6D show an exemplary progression of a second embodiment 

of the process according to the present indention in which a plurality of successive 
areas along the first conceptual column 205 of the semiconductor thin film 175 is 
irradiated by the masked beam pulse 164 (comprised of beamlets) xvhich is shaped by 
the mask 150 1 of Fig. 5 A. The translation of the sample 170 with respect to the 

25 impingement thereof by the beam pulse 1 64 is substantially the same as the 

translation described above with reference to Figs. 4A-4F. The difference between 
the irradiation of the areas 310, 320, 380, 390, 410, 420 by theb>eam pulse 164 
shaped by the mask 150 of Fig. 3 and the areas 460, 470 by the beam pulse 164 
shaped by the mask 150' is that substantially the entire areas 3 10, 5 20, ... , 380, 390, 

30 410, 420 are irradiated and crystallized, as opposed to only certain small portions 462 
of the areas 460, 470 are irradiated and crystallized. 
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Similarly to the area 3 10 in Fig. 4A, the portions 462 of the area 460 
are irradiated as illustrated in Fig, 6A.. Thereafter, the portions 462 are crystallized to 
form the center regions 465, and the edge regions 468 as shown in Fig. 4B. Similarly 
to the first center regions 315, the center regions 465 of the respective portions 462 
5 have grains therein which are different than the grains of the e<ige regions 468, and 
are sized such that at least an active region of the TFT device (and possible the entire 
TFT device) can be placed away from the edge regions 468. As shown in Fig. 6C, 
upon the translation of the sample 170 in the -X direction, portions 472 of the area 
470 are irradiated and then crystallized in a substantially the same manner as the 
10 portions 462. Therefore, the center regions 475 and the edge regions 478 of the area 
470 are formed. 

In addition, it is possible to utilize a third embodiment of a mask 150" 
according to the present invention as shown in Fig. 7 which ha_s a long and narrow 
open or transparent region 490 so as to pattern and shape the b earn 149 into the beam 

15 pulse 164. For example, the length of the region 490 can be 0. 5 cm and the width 
thereof may be 0.1 mm. In this manner, each conceptual column of the sample 170 
illustrated in Fig. 2 can be irradiated by the beam pulse 164 shaped by this mask 150". 
In addition, it may be possible for the length of the region 490 to be 30 cm. Thus, 
instead of subdividing the semiconductor thin film 175 into a number of conceptual 

20 columns, and irradiating each column separately, it is possible to irradiate and 
crystallize selected portions of the semiconductor thin film 175 by translating the 
sample 170 in the -Y direction from one edge of the sample 170 to the opposite edge 
thereof. It is important that the center regions be formed using: such processing 
technique such that it would be possible to keep the active regions of the respective 

25 TFT devices at a distance from the edge regions. 

Fig. 8 A shows an illustration of the first and second irradiated and 
crystallized areas 510 and 520 possibly corresponding to the fiarst and second areas 
310, 320 of Figs. 4D and/or the adjacent portions 462 of the area 460 of Fig. 6D. In 
particular, Fig. 8 A shows that the entire TFT devices 610 and 620 can be situated 
30 away from the edge regions 518, 528, 650, and possibly within, the respective center 
regions 515, 525 of the areas 510, 520. The first TFT device 6 10 situated in the 
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center region 515 of the area 5 1 0 includes a gate 612, a drain 614, a source 616 and an 
active region 618, all of which are situated away from the edge region 518. Similarly, 
for the second TPT device 610, its gate 622, drain 624, source 626, and especially 
active region 628 are also situated away from the edge regions 528, 650 such that they 
5 do not overlap the respective edge region 528 of the area 520, and the edge region 650 
which, is provided between the center regions 515, 525. 

Fig. 8B shows an illustration of the first and second irradiated and 
crystallized areas 510 and 520 also possibly corresponding to the adjacent portions 
462 of the area 460 of Fig. 6D with the respective TFT devices 610, 620' provided 

1 0 thereon. In this exemplary emb odiment, only respective active regions 6 1 8', 628 ' of 
the areas 510, 520 are provided away from the edge regions 518, 528, 650, and are 
provided within the respective uniform center regions 515, 525 of the areas 510, 520, 
while other portions of the TFT devices 610*, 620' are situated on the respective edge 
regions 5 1 8, 528 of the areas 510, 520, and the edge area provided there between. In 

1 5 particular, the first TFT device 610' includes an active region 618' which entirely 

situated in the center region 515 of the area 510, while a gate 612', a drain 614' and a 
source 616' of the TFT device 610' overlap the edge region 518. Similarly, for the* 
second TFT device 610', an active region 628' thereof is entirely situated within th_e 
respective center region 525 of the area 520, while a gate 622', a drain 624* and a 

20 source 626 of the second TFT device 620' are provided directly on the respective edge 
regions 528 of the area 520. Also, the gate 622* is provided on a border region 50O 
(i.e., the edge region 650 between the areas 510, 520) between the center region 515 
of the area 510 and the center region 525 of the area 520. It should be understood that 
any one of the gate 612, 612', 622, 622' drain 614, 614*, 624, 624' and source 616, 

25 616', 626, 626' can be provided on the edge regions 518, 528 and the border region 
500. 

By using this exemplary embodiment of the present invention, the edge 
region 500 and/or the width of the edge regions 518, 52S associated with such edge 
region 500 can be reduced to 1 pan, which is approximately 100 to 10,000 smaller -than 
30 the edge regions obtained using the conventional systems and process. Therefore, it 
would be possible to achieve tta.e placement of the entire TFT device 610, 620 in tlie 
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center regions 515, 525 siach that the distance between which would be greater that 
the edge region 500, as illustrated in Fig. 8A. Similar applies for the placement of the 
TFT devices 610', 620 ? as shown in Fig. 8B, except that the distance between the 
active regions 618', 628' of the respective TFT devices 610', 620 f would be greater 
5 than the width of the edge region 500. 

Fig. 9 is a flow diagram representing a first exemplary processing 
procedure of the present invention under at least a partial control of a competing 
arrangement of Fig. 1 A using the techniques of the present invention of Figs. 4A-4F 
and 6A-6D. In step 100O, the hardware components of the system of Fig. 1 A, such as 

10 the beam source 110, the energy beam modulator 1Z0, and the beam attenuator and 
shutter 130 are first initialized at least in part by the computing arrangement 100. The 
sample 170 is loaded onto the sample translation sta^ge 1800 in step 1005. It should 
be noted that such loading may be performed either manually or automatically using 
known sample loading apparatus under the control of the computing arrangement 100. 

1 5 Next, the sample translation stage 1 80 is moved, preferably under the control of the 
computing arrangement 100, to an initial position in. step 1010. Various other optical 
components of the system are adjusted and/or aligned either manually or under the 
control of the computing arrangement 100 for a proper focus and alignment instep 
1015, if necessary. In step 1020, the irradiation/laser beam 1 1 1 is stabilized at a 

20 predetermined pulse energy level, pulse duration and repetition rate. In step 1024, it 
is preferably determined -whether each beam pulse has sufficient energy to irradiate 
the portions of the semiconductor thin film so as to crystallize such portions 
thereafter. If that is not the case, the attenuation of the beam 1 1 1 is adjusted by the 
beams source 110 under the control of the computhxg arrangement 100 in step 1025, 

25 and step 1024 is executed again to determine if the there is sufficient energy to 
crystallize the portions of the semiconductor thin fitm. 

In step 1027, the sample is positioned to point the beam pulse 164 to 
impinge the first column of the semiconductor thin film. Then, in step 103O, the 
portions of the semiconductor thin film are irradiated using a masked intensity pattern 
30 (e.g., the masked beam pulse 164). Thereafter, the irradiated portions of the 

semiconductor thin film are crystallized with the mrnimized edge regions therein so as 
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to allow at least the active regions of the TFT devices to be placed away from such 
edge regions. In step 1035, it is determined whether the irradiatioa for the current 
column by the beam pulse has been completed. If no, in step 1040., the sample is 
continued to be irradiated with the next beam pulse 164. However if in step 1035, it 
5 is determined that the irradiation and crystallization of the current column is 

completed, then it is determined in step 1O40 whether there are any- further columns of 
the sample to be processed. If so, the process continues to step 1050 in which the 
sample is translated to that the beam pulse is pointed to the next column to be 
processed according to the present invention. Otherwise, in step 1D55, the exemplary 
1 0 processing has been completed for the sample 170, and the hardware components and 
the beam 1 1 1 of the system shown in Fig. 1 A can be shut off, along with the process 
terminating. 

Fig. 10 is a flow diagram representing a second exemplary processing 
procedure of the present invention under at least a partial control of" a computing 

1 5 arrangement of Fig. 1 A using the techniques of the present invention of Figs. 4A-4F 
and 6A-6D, in which is preferable to mask: the beam 111. Steps 1 1 00-1 120 of this 
exemplary procedure are substantially the same as the steps 1000-1 O20 of the 
procedure of Fig. 9 and thus shall not be described herein in further detail. In step 
1024, however, it is determined whether each pulse has enough energy to irradiate at 

20 least portions of the semiconductor thin film 1 75 such that the irradiated portion 

crystallize. If not, in step 1 125, the attenuation for the beam pulse is adjusted, and the 
energy fluence is verified again. Upon the verification of the energy fluence of the 
beam pulse, the sample is moved to impinge a first column of the sample 170. 

Then, in step 1 130, the resultant beam 149 is passed through a mask 
25 1 59 to shape the beam pulse, and shape the edge portions of the resultant pulse. Then, 
the sample 170 is continuously translated along the current column in step 1 135, In 
step 1140, during the translation of the sample 170, the portions of "the semiconductor 
thin film are irradiated and at least partially melted using a masked iitensity pattern 
beam pulse to allow the irradiated portions to crystallize. This irradiation of these 
30 portion of the semiconductor thin film 175 can be performed when "the beam pulses 
reach particular locations on the sample, which are pre-assigned by the computing 
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arrangement 100. Thus, the beam source can be fired upon tihe sample reaching these 
locations with respect to the beam pxilses. Thereafter, the irradiated portions of the 
semiconductor thin film are allowed to crystallize such that the certain areas of the 
solidified portions have been nucleated and include uniform material therein so as to 
5 allow the distance between at least the active regions of the TFT devices to be greater 
that the edge regions of such irradiated areas. Such processing is continued until the 
end of the current column on the semiconductor thin film 17 5 is reached. In step 
1 145, it is determined whether there are any further columns of the sample to be 
processed. If so, the process continues to step 1 1 50 in whicti. the sample is translated 
10 to that the beam pulse is pointed to the next column to be processed according to the 
present invention. Otherwise, in step 1 155 is performed, which is substantially the 
same as that of step 1055 of Fig. 9. 

The foregoing merely illustrates the principle s of the invention. 
Various modifications and alterations to the described embodiments will be apparent 

15 to those skilled in the art in view of the teachings herein. For example, while the 
above embodiment has been described with respect to irradiation and crystallization 
of the semiconductor thin film, it may apply to other materials processing techniques, 
such as micro-machining, photo-ablation, and micro-pattenring techniques, including 
those described in International patent application no. PCT/CJS01/12799 and U.S. 

20 patent application serial nos. 09/390,535, 09/390,537 and 0^/526,585, the entire 

disclosures of which are incorporated herein by reference. The various mask patterns 
and intensity beam patterns described in the above-referenced patent application can 
also be utilized with the process and system of the present invention. It will thus be 
appreciated, that those skilled in the art will be able to devise numerous systems and 

25 methods wliich, although not explicitly shown or described tierein, embody the 
principles of the invention and are thus within the spirit and scope of the present 
invention. 
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What Is Claimed Is : 

1 . A method for processing a thin film sample, comprising the steps of: 
(a) controlling a beam generator to emit at least one beam pulse; 

5 (b) masking the at least one beam pulse to produce at least one masked 

beam pulse, wherein the at least one masked beam pulse is used to irradiate a.t least 
one portion of the thin film sample; 

(c) with the at least one masked beam pulse, irradiating the at least one 
portion of the film sample with sufficient intensity for the at least one portion to later 

10 crystallize; and 

(d) allowing the at least one portion of the film sample to crystallize, the 
crystallized at least one portion being composed of a first area and a second area, 
wherein, upon the crystallization thereof, the first area includes a first set of grains, 
and the second area includes a second set of grains w^hose at least one characteristic is 

1 5 different from at least one chiaracteristic of the second set of grains, 

wherein the first area surrounds the second area, and is configured to allow an 
active region of an electronic device to be provided a^t a distance therefrom. 

2. The method according to claim 1, wherein the masked beam pulse has the 

20 intensity to completely melt the at least one portion of the thin film sample throughout 
its thickness. 

3. The method according to claim 1, wherein the masked beam pulse has the 
intensity to partially melt the at least one portion of tfcte thin film sample. 

25 

4. The method according to claim 1, wherein the active region of the TFTT is 
situated within the second area. 

5. The method according to claim 1, wherein the second area corresponds to at 
30 least one pixel. 
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6. The method according to claim 1 , wherein the second area has a cross-section 
for facilitating thereon all portions of the TFT. 

7. The method according to claim 1, wherein a size and a position of the first 
area with respect to the second area are provided such that the first area provides 
either no effect or a negligible effect on a performance of the TFT. 

8. The method according to claim 1, further comprising the step of: 

(e) after step (d), determiniixg a location of the first area so as to avoid a 
placement of tlie active region of the TFT thereon. 

9. The method according to claim 1 , wherein the at least one beam pulse includes 
a plurality of beamlets, and wherein the first and second areas axe irradiated by the 
beamlets. 

10. The method according to claim 1, wherein the thin film sample is a silicon thin 
film sample. 

11. The method according to claim 1 , wherein the thin film sample is composed of 
at least one of silicon and germanium. 

12. The method according to claim 1 , wherein the thin film sample has a thickness 
approximately between 100A and 10,00 OA. 

13. The method according to claim 1, wherein the first set of grains provided in 
the first area are laterally-grown grains. 

14. The method according to claim 13, wherein the laterally-grown grains of the 
first area are equiaxed grains. 
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1 5 . The method according to claim 1, wherein tlxe electronic device is a tfciin-film 
transistor ("TFT"). 

1 6 . The method according to claim 1, wherein thie thin film sample is a 
5 semiconductor thin film sample. 

17. A system for processing a thin film sample, comprising: 
a processing arrangement which is configured to: 

(a) control a beam generator to emit at least one beam pulse; 

(b) mask the at least one beam pulse to produce at least one masked beam 
pulse, wherein the at least one masked beam pulse is used to iirradiate 
at least one portion of the film sample; and 

(c) with the at least one masked beam pu-lse, initiate an irradiation, of the at 
least one portion of the film sample with sufficient intensity for the at 
least one portion to later crystallize 

wherein the at least one portion of the film sample is allowed to crystallize, the 
crystallized at least one portion being composed of a first area and a second area, 
wtierein, upon the crystallization thereof, the first area includes a first set of grains, 
and the second area includes a second set of grains whose at least one characteristic is 
different from at least one characteristic of the second set of grains, 

wherein the first area surrounds the second aorea, and configured to alLow an 
active region of an electronic device to be provided at a distance therefrom. 

1 8 . The system according to claim 17, wherein flhe masked beam pulse has the 

25 intensity to completely melt the at least one portion of the thin film sample throughout 
its thickness. 

1 9 . The system according to claim 18, wherein tbe masked beam pulse has the 
intensity to partially melt the at least one portion of the thin film sample. 

30 
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20. The system according to claim 17, wherein the active region of the TFT is 
situated within the second area. 

21. The system according to claim 17, wherein the second area corresponds to at 
5 least one pixel. 

22. The system according to claim 17, wherein the second area has a cross-sectioxi 
for facilitating thereon all portions of the TFT. 

10 23. The system according to claim 17, wherein a size and a position of the first 
area with respect to the second area are provided such that the first area provides 
either no effect or a negligible effect on a performance of the TTT. 

24. The system according to claim 17, wherein the processing arrangement is 

15 further configured to, after procedure (d), determine a location of the first area so as to 
avoid a placement of the active region of the TFT thereon. 

25. The system according to claim 17, wherein the at least one beam pulse 
includes a plurality of beamlets, and wherein the first and second areas are irradiated 

20 by the beamlets. 

26. The system according to claim 17, wherein the thin film sample is a silicon the 
film sample. 

25 27. The system according to claim 17, wherein the thin film sample is composed 
of at least one of silicon and germanium. 

28. The system according to claim 17, wherein the thin film sample has a 
thickness approximately between 10OA and 10,000A. 

30 
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29. The system according to claim 17, wherein the first set of grains provided in 
the first area are laterally-grown grains. 

30. The system according to claim 29, wherein the laterally-grown grains of the 
5 first area are equiaxed grains. 

31. The system according to claim 17, wherein the electronic device is a thin-film 
transistor ("TFT' 1 ). 

10 32. The system according to claim 17, wherein the thin film sample is a 
semiconductor thin film sample. 

33. A thin film sample, comprising: 

at least one section irradiated by at least one masked beam ;pulse which 
15 is configured to irradiate the at least one section of the sample for a later 
crystallization thereof, 

wherein the at least one portion of the film sample is crystallized to include a 
first area and a second area, 

wherein, upon ttie crystallization thereof, the first area includes a Srst set of 
20 grains, and the second area includes a second set of grains whose at least one 

characteristic is different from at least one characteristic of the second set of grains, 

wherein the first area surrounds the second area, and is configured to allow an 
active region of an electronic device to be provided at a distance therefroiri. 



WO 2004/017381 



PCT/US2003/025954 




1/15 



WO 2004/017381 



PCT/US2003/025954 



170 




FIG. 1B 



2/15 



WO 2004/017381 



PCT/US2003/025954 



pi tnr 




3/15 



WO 2004/017381 



PCT/US2003/025954 




4/15 



WO 2004/017381 PCT7US2003/025954 





5/15 



WO 2004/017381 



PCT/US2003/025954 




X 



FIG.4-E 



420 




FIG. 4F 



6/15 



WO 2004/017381 



PCT/US2003/025954 



455 455 




7/15 



WO 2004/017381 PCT/US2003/025954 





8/15 



WO 2004/017381 



PCT/US2003/025954 




472 




472 



9/15 



WO 2004/017381 



PCT/US2003/025954 



x 



164 



15' 



z\ 



490 



/ 



170 




/ 



0.5 cm 

FIG. 7 



10/15 



WO 2004/017381 



PCT/US2003/025954 




11/15 



WO 2004/017381 



PCT/US2003/025954 



START 



INITIALIZE HARDWARE 


1 




LOADS 


AMPLE 



MOVE STAGE TO INITIAL 
POSITION 



FIG. 9 



ADJUST FOCUS AND 
ALIGNMENT OF OPTICAL 
SYSTEM, IF NECESSARY 



1000 



1005 



1010 



1015 




1045 



12/15 



WO 2004/017381 



PCT/US2003/025954 



<CZ_ START ~^>- 



INITIALIZE HARDWARE 



LOAD SAMPLE 



11 CO 



1105 



MOVE STAGE TO INITIAL 
POSITION 



FIG. 10 



1 110 



ADJUST FOCUS AND 
ALIGNMENT OF OPTICAL 
SYSTEM, I F NECESSARY 



11 15 



STABILIZE LASER AT DESIRED 
RADIATION BEAM PULSE 
ENERGV LEVEL AND 
REPETITION RATE 



1125 



ADJUST 
ATTENUATION 




1120 



VES 

POSITION SA MPLE T O PO I N T 

THE BEAM TO IMPINGE A 
FIRST COLUMN OF SAMPLE 



MASK BEAM TO GENERATE 
MASKED BEAM PULSE 



11 2T 



11 30 



1155 



SHUT OFF RADIATION 
BEAM AND HARDWARE 


1 


f 



CONTINUOUSLY TRANSLATE 
SAMPLE ALONG CURRENT COLUMN 



1135 



1140 



DURING TRANSLATION OF SAMPLE, 
EFFECTUATE THE I RL RADIATION OF SAMPLE 
WITH RADIATION BEAM PULSE HAVING MASKED 
INTENSITY PATTERN OR WITH SHAPED BEAM 
WHEN BEAM REACHED PREDETERMINED 
LOCATIONS WITH RESPECT TO SAMPLE 



TRANSLATE SAMPLE SO 

THAT THE BE/WM IS 
POINTED TO THE NEXT 
COLUMN FOR IATTERAL 
SOLIDIFICATI ON 
PROCESSIMG 



-YES 




STOP 



13/15 



WO 2004/017381 



PCT/US2003/025954 




14/15 



WO 2004/017381 



PCT/US2003/025954 




15/15 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. onginal 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

Q / REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 

FK 0 TlT T CheCked ' Please d0 not re P°rt these problems to 
the IFW Image Problem Mailbox. 



